Background: Lumbar disc degeneration [LDD] is the main cause of low back pain, and is a medical circumstance that poses a great load on the global health care system with serious socioeconomic consequences. The aim of this study was to determine the association of vitamin D receptors (VDR) gene Fok1 polymorphism, VDR expression and vitamin D level with LDD susceptibility and severity in Egyptians. Materials and methods: A total of unrelated 169 female patients with low back pain diagnosed as having lumbar disc degeneration and 169 controls were enrolled in the study. VDR Fok1 polymorphism was determined using restriction fragment length polymorphism-polymerase chain reaction [PCR-RFLP]. VDR expression was measured by reverse transcriptase PCR, while, serum levels of vitamin D were measured by high performance liquid chromatography [HPLC]. Results: Subjects with VDR Fok1 ff genotype were significantly more likely to develop LDD in Egyptians and associated with multilevel disc degeneration and disc herniation (adjusted OR = 7.9, 95% CI = 2.3 − 26.6 and P = 0.01) and (adjusted OR = 2.2, 95% CI = 1.6 − 3.7 and P = 0.031) respectively. VDR expression and vitamin D levels were significantly decreased in LDD patients and with multilevel disc degeneration and herniation, (adjusted P = 0.042 and adjusted P = 0.028) respectively. Conclusion: VDR Fok1 mutant alleles and genotypes are associated with the development and severity of LDD in Egyptians. Also, VDR expression and vitamin D level could be the marker for monitoring LDD.
and is a therapeutic condition that represents an incredible burden on the worldwide human services framework with genuine financial outcomes [1] . Degenerated discs happen in 40% of people under 30 years old and more prominent than 90% of those more than 50 [2] . The risk factors for LDD incorporate family history, lumbar load and work stack, so the occurrence of LDD is much more in developing states, particularly in Egypt [3] .
The etiology of DD was only ascribed to the buildup of environmental factors, injury, and way of life, smoking, atherosclerosis, and disc degeneration with aging [4] . Nevertheless, recent researches have shown that the impact of these components is moderate in DD, fortifying the conviction of hereditary contribution in the causes of the ailment [5] [6] .
Furthermore, lumbar degeneration does not invariably go to painful conditions, making painful degeneration a difficult and subjective topic to read and motivating more precise definitions of degeneration [7] .
Vitamin D is considered as a hormone that is responsible for calcium homeostasis and bone mineralization [8] . Vitamin D biological activities are regulated by a high-affinity receptor that works as a transcription factor activated by ligands.
Vitamin D receptor (VDR) gene is the first reported gene possibly connected with LDD risks [9] . It is found on human chromosome 12 [12q12-q14]; its length is 100 kb, with more than 100 restriction cutting sites [10] . VDR is one of the steroid superfamiles of nuclear receptor, which mostly manages the transcriptional activity of 1,25-dihydroxyvitamin D3 [active metabolite of vitamin D] [11] . The VDR FokI polymorphism is an autonomous polymorphic site situated in exon 2 and prompts an alternate translation initiation site, prompting the development of a longer VDR isoform, expected to be less active [12] [13] .
Previous studies examined the relationship of polymorphisms in VDR gene
Fok1 polymorphism with LDD [14] [15] [16] . However, their data are conflicting; therefore, further studies in different populations are essentials.
On the foundation of this consideration, we proposed to investigate whether VDR Fok1 polymorphism, VDR expression and vitamin D level contributed to LDD susceptibility and severity of in Egyptians.
Subjects and Methods

Subjects
A total of unrelated 169 female patients (mean age 42.3 ± 11.56 years) with low back pain diagnosed as having lumbar disc degeneration (LDD) were recruited from the follow-up and inpatient units of Neurosurgery Department, Zagazig University Hospitals, Egypt between January, 2014 and December 2015.
Patients with LDD were firstly suspected by their history of low back pain and/or sciatic pain. Then, the diagnosis was established according to the reports of Radiology department and the approval of the neurosurgeon (Taha MM), the MRI of lumbosacral spine of the patients showed degenerated lumbar disc.
Exclusion criteria: Subjects with autoimmune, inflammatory diseases, hyper-tension, diabetes, previous surgical procedures in the lumbar spine, severe osteoporosis, segmental instability, those with no LDD in MRI or those with pathologies other than LDD.
Clinical and demographic characteristics of LDD patients are summarized in Table 1 .
The control group included one hundred and sixty nine healthy females (mean age 28.4 ± 10.38 years) with no medical history of low back pain (LBP) or LDD. They were healthy volunteers recruited from females visited outpatients' clinics for regular medical examination, nurses in the same hospitals. They were ethnic origin and socioeconomic status matched with the patients.
Data regarding individual characteristics were collected by a questionnaire that included items on anthropometric measures. The body mass index (BMI = weight in Kg per height in meters squared) was calculated for each subject.
Smoking habits, family history of lumbar disc disease and past history of back injury were recorded. A separate questionnaire, prepared by the Stockholm Musculoskeletal Intervention Center for assessing manual materials handling, was altered and enforced to the assessment of physical loads by (Wiktorin et al., 1996) [17] . Subjects were asked to recall in details their employment history, including descriptions of past occupations. Heavy physical load was defined as ≤4 h/day for >5 years or >4 h/day for >2.5 years [17] . Grade 1 (normal) indicated normal signal height and intensity; grade 2 (intermediate), a speckled pattern or heterogeneous decreased signal intensity; gra- (23) Heavy physical load n (%) Quantitative data were presented as mean ± standard deviation; qualitative data were presented as numbers and percentages. *Significant (P < 0.05).
grade of the disc degeneration was determined when the evaluation of the disc degeneration was agreed upon by at least two observers. The presence of disc herniation was also evaluated, and it was judged to be present when the two observers (Taha MM, Mansour H) agreed. This study was approved by the ethical committee of Zagazig University and a written informed consent was obtained from all subjects before their participation in this work.
Blood Sampling
5 ml blood sample were taken from all subjects, 2 ml into tubes containing ED-TA, for genomic DNA extraction. The remaining part were left for clotting, then centrifuged and the serum were stored at −20˚C until analysis.
Genomic DNA Extraction
Genomic DNA was extracted from whole blood samples using the spin column method according to the protocol (QIAamp Blood Kit; Qiagen GmbH, Hilden, Germany). DNA was stored at −20˚C till the time of usage.
Amplification of VDR Fok1 Gene Polymorphism
The genotyping of VDR Fok1 was performed using polymerase chain reaction- 
Real Time-PCR Quantification for VDR Expression
Total RNA was isolated from EDTA whole blood sample according to the man- "PCR amplification protocol was: denaturation at 95˚C for 10 min followed by 40 cycles of denaturation at 94˚C for 15 sec, annealing at 60˚C for 30 sec and extension at 72˚C for 30 sec. Final extension was carried out at 72˚C for 10 min" [20] .
We took the average value of the control group as internal control. Gene expression levels were calculated and determined using the threshold cycle (CT) method (2-ΔΔCT method).
Measurement of Serum 25-Hydroxy Vitamin D by HPLC
Measurement of the serum level of 25-hydroxyvitamin D is the most useful parameter in evaluating vitamin D status [21] . Quantitative HPLC assays have been done based on ultraviolet detection and normal-phase separation [22] 
Statistical Analysis
The data were processed by SPSS (SPSS Inc., Chicago, IL, Version 11, USA) statistical package. Quantitative data were presented as mean ± standard deviation; significant differences between the different studied groups were determined using Student's t test and one-way analysis of variance (ANOVA) test. Qualitative variables were presented as number and percentage. Differences of the frequencies in the studied groups were analyzed using chi square (χ 2 ) test. A difference was considered significant at p value < 0.05. [23] was used to estimate the statistical power of the results concerning Fok1 polymorphism data and showed power of at least 90.1% to detect the genetic effects regarding the association with LDD for the allele frequencies and sample size in the present study.
Results
Relation of Vitamin D Receptor Fok1 Gene Polymorphism, Expression and Vitamin D Levels with Lumbar Disc Degeneration
The genotype frequencies of VDR Fok1 gene polymorphism were all in accordance with the Hardy-Weinberg equilibrium in all groups. We observed significant increase of VDR Fok1ff genotype and f allele frequencies in LDD patients compared to control group. Subjects with ff genotype and f allele carriers' were significantly more likely to have LDD (adjusted OR = 7.9, 95% CI = 2.3 − 26.6
and P = 0.01) and (adjusted OR = 2.2, 95% CI = 1.6 − 3.7 and P = 0.031) respectively. VDR mRNA and vitamin D levels were significantly decreased in LDD patients compared to controls (adjusted P = 0.009 and adjusted P = 0.003) respectively ( Table 2 ).
Relation of Vitamin D Receptor Fok1 Gene Polymorphism, Expression and Vitamin D Levels with the Number of Levels of Disc Degeneration in LDD Patients
The frequencies of VDR Fok1 ff genotype and f allele were significantly more frequently associated with multilevel disc degeneration (adjusted P = 0.01 and P = 0.005 respectively). VDR mRNA and vitamin D levels were significantly decreased with the numbers of levels of disc degeneration in LDD group (adjusted P = 0.042 and adjusted P = 0.028) respectively (Table 3) . 
Relation of Vitamin D Receptor Fok1 Gene Polymorphism, Expression and Vitamin D Levels with the Grade of Disc Degeneration in LDD Patients
There were no significant differences of VDR Fok1 genotypes and alleles' frequencies between the different grades of disc degeneration in LDD group. Furthermore, no significant association was found between VDR mRNA and vitamin D levels and the grade of disc degeneration in LDD group (adjusted P = 0.25 and adjusted P = 0) respectively (Table 4) .
Relation of Vitamin D Receptor Fok1 Gene Polymorphism, Expression and Vitamin D Levels with Disc Herniation in LDD Patients
VDR Fok1 Ff, ff genotypes and f allele were significantly increased the risk of herniation in LDD patients (adjusted OR = 2.3, 95% CI = 1.43 − 4.77 and P = 0.037, adjusted OR = 4.2, 95% CI = 1.93 − 9.8 and P = 0.04 and adjusted OR = 2.8, 95% CI = 1.6-3.82 and P = 0.021) respectively. Also, VDR mRNA and vitamin D levels was significantly decreased with the occurrence of disc herniation in LDD patients (adjusted P = 0.038 and adjusted P = 0.03) respectively (Table   5 ). 
Effect of VDR Gene Fok1 Polymorphism on VDR mRNA Expression in the Studied Groups
VDR mRNA expression level was significantly decreased in VDR Fok1 ff genotype carriers' compared to FF genotype (P < 0.01) in both the controls and LDD patients, while, there was no significant difference of VDR mRNA expression level between VDR Fok1 Ff and FF genotype or ff genotype (Table 6 ).
Correlation between Vitamin D Level and VDR mRNA Expression in Patients with LDD
We observed a positive correlation between vitamin D level and VDR mRNA expression in patients with LDD (r = 0.7, p < 0.001).
Discussion
LDD became a very complex condition in the last decades, where genetic factors had a central role. So to be there is a lot to understand about the development of degenerative disc disease [24] .
In our study, there was a significant difference concerning age, family history, back injury, exercise and heavy physical load on comparing LDD patients to control group and all considered to be triggering agents in the pathogenesis of LDD together with other factors impairing disc nutrition [25] . Ever since the end of the 20th century, many have suggested that genetics is responsible mainly for the evolution of LDD and that environmental factors exert a much smaller role than formerly supposed [26] .
Our study may be the first work that measured and showed an association of VDR FokI variable, the expression of VDR mRNA and the levels of vitamin D with the risk, grade and number of levels of lumber disc degeneration and herniation in the Egyptian population.
The work was done on female subjects to boot out any gender-linked association of VDR-FokI polymorphism and risk of LDD as proved by Colombini et al.,
2015 [27] .
We establish a solid association between VDR ff genotype, f allele and the occurrence of LDD in Egyptians, also the subjects with ff genotype were significantly more likely to have the multilevel disc degeneration with increased risk of disc herniation. Furthermore, VDR mRNA expression was significantly decreased Table 6 . Effect of VDR gene Fok1 polymorphism on VDR mRNA expression in the studied groups. 4.01 ± 0.5 3.9 ± 0.8 3.2 ± 0.71* 3.1 ± 0.7 2.88 ± 0.9 2.5 ± 0.75* [9] found that in a study of 170 men, those with a ff genotype had the signal power 9.3% lower and an outline degeneration score 6.9% more risky than men with the FF genotype.
It is said that the longer f allele, which seems to bring about diminished VDR capacity, expands the threat of degeneracy. The definite mechanism of diminished VDR capacity, prompting degeneration is not surely known. It was recommended that vitamin D may balance sulfate concentrations and decide the level of proteoglycans [PG] sulfation, which is basic for disc stability [34] .
The f allele, with diminished VDR capacity, may add to not exactly ideal disc structure that is inclined to early degeneration. An observational study distin- polymorphism is considered as an independent polymorphism and straightforwardly connected with pathological conditions; the linkage disequilibrium [LD] territory encompassing this polymorphism is by all accounts little [36] . The differences between these outcomes might be because of the distinction of the specimen size or contrasts in the ethnic inceptions of the patients.
This work was one of the rare studies which detected the level of vitamin D in LDD patients; we established that vitamin D levels were significantly diminished in the LDD group of patients compared to the controls. It also decreased in the numbers of levels of disc degeneration and the risk of disc herniation. We ob- Few studies assessed the level of vitamin D in disc degeneration; one of them demonstrated that vitamin D deficiency was connected up with cervical disc herniation in a populace of grown-ups experiencing spine surgery [37] ; another recognized low vitamin D level in patients of chronic low back pain [38] . The harmony disc nutrition and disc excretion of waste products are an essential variable which may prompt disc degeneration [39] . Vitamin D has immune regulatory capacities which can down manage proinflammatory cytokines and upregulate mitigating cytokines. Many specialists reported the part of inflammatory cytokines in the pathogenesis of LDD. The herniated core pulposus, either with immunogenic properties itself or by instigating an immunologic reaction in the nerve roots, dorsal root ganglia and encompassing muscles, is the beginning stage for the course of inflammation started through immune cell activation, infiltration and cytokine discharge [40] .
We declare some limitations. First, small size of the sample: as a larger study size would probably provide an even strong statistical power; therefore, further studies with increased numbers of patients are required to validate our findings The second limitation was the difference in age between the control group and the patients with disc disease. This may potentially affect the relative exposure of the 2 groups to sunned ultraviolet beam which affects 25 (OH) D levels. However, with careful history taking from the participant, they nearly have the same characteristics of sun exposure in the governorate.
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